abstract the aim of investigations was the estimation of nutritional value of currently cultivated yellow lupine cultivars in raw and extruded form, and their usefulness for broiler chickens. two experiments were conducted with male Ross 308 chickens. In a digestibility trial 60 fifteen-day-old birds were randomly assigned to three dietary treatments (20 replications in each). birds were kept in individual pens. digestibility was calculated using the difference method. from day 16 to 21, diets contained lupine meal in raw or extruded form and the basal diet in the ratio 20:80. subsequently, the total digestibility of dry matter and crude fat, also apparent nitrogen retention and amE n value of lupine seeds were determined on chickens fed different forms of lupine. the ileal digestibility of crude protein and amino acids of lupine seeds was also analyzed. in the second experiment the one-day-old birds were randomly assigned to ten dietary treatments (10 replications in each) and were fed diets with increasing amounts of raw or extruded lupine from 10 to 30%. the chickens in control treatments were fed a diet without lupine. Extruded yellow lupine meal was characterized by lower phytic p content in comparison to raw yellow lupine meal. the content of remaining ingredients and antinutritional substances was similar. yellow lupine seeds post extrusion were characterized by better total crude fat digestibility, nitrogen retention and amE n values, compared to raw seeds. Higher ileal digestibility was confirmed in numerous amino acids, except lysine, threonine and valine (P≤0.05). By feeding the broilers with diets consisting of 10 to 30% of lupine seeds post extrusion (experiment ii), improved apparent fat digestibility, apparent nitrogen retention and amE n values were achieved in young chickens (p<0.01). using 10 and 20% of lupine in the diets showed significant positive effects of extrusion on body weight gains, feed intake and feed conversion rate. the performance indices of chickens were drastically decreased by use of 25% ratio of both raw and extruded yellow lupine in the diet. This effect was heightened by a 30% share in feed mixtures. key words: broiler chickens, lupine, extrusion, digestibility *The study was realized within the research project "Improvement of native protein, feeds, their production, trade turnover and utilization in animal feed" financed by the Ministry of Agriculture and Rural Development of Poland NO 505.037.07.
Legume seeds are an important protein source for humans and animals in many countries. Yellow lupine protein is rich in lysine, but it is deficient in sulfur-containing amino acids and leucine (Sujak et al., 2006) . Lupine seeds are rich in crude fat ~5-9%, but also the content of dietary fiber is relatively high (Gdala, 1998; Zalewski et al., 2001; Zduńczyk et al., 2014; Krawczyk et al., 2015; Kaczmarek et al., 2016) . Legume seeds, including lupines, are also rich in microelements, e.g., Mn, Zn, Cu (Wasilewko and Buraczewska, 1999) and antioxidants -selenium and tocopherol (Erbaş et al., 2005) .
In the past, the use of yellow lupine (Lupinus luteus) as a valuable source of protein for poultry was limited due to high alkaloid and non-starch polysaccharide (NSP) contents that negatively affect growth, feed intake and nutrient utilization (Kluge et al., 2002; Olkowski et al., 2005) . Current yellow lupine cultivars are characterized by low concentrations of alkaloids, but they still contain other anti-nutritional factors, which can reduce nutrient digestibility. The main lupine anti-nutritional factors are: α-galactosides (Gdala, 1998; Zalewski et al., 2001 ), proteases and α-amylase inhibitors (Erbaş et al, 2005; Guillamon et al., 2008) , saponins, quinolizidine alkaloids (Wasilewko and Buraczewska, 1999; Mańczak et al., 2007) , glycosides, phytates (Jul et al., 2003) . According to some researchers quinolizidine and indole alkaloids and raffinose content depends on lupine species and variety (Smulikowska et al., 1999; Wasilewko and Buraczewska, 1999; Kaczmarek et al., 2014; Rutkowski et al., 2015) . According to available literature data (Orda et al., 2006; Rutkowski et al., 2015) , it has been shown that yellow lupine can be a beneficial component of poultry diets.
The nutritive value of seeds can be efficiently improved by extrusion (Leontowicz et al., 2001; Kiczorowska and Lipiec, 2002 a, b) . The extrusion process reduces the activity of thermolabile harmful substances, decreases the negative action of oligosaccharides and protease inhibitors, and can inactivate pathogens (Guillamon et al., 2008; Nalle, 2009) . Additionally, according to Alonso et al. (2000) extrusion decreases phytic P content in seeds because some molecules of inositol hexaphosphate are hydrolyzed to penta-, tetra-and triphosphates. However, the effect of extrusion on the nutritive value of yellow lupine is not well understood. Moreover, there is no comparative information on the influence of extrusion on the nutritive value of yellow lupine and broiler chickens performance.
The objective of this study was to determine AME N and digestibility of selected nutrients of raw and extruded yellow lupine seeds and compare the effects of the use of different amounts of raw or extruded yellow lupine seeds in place of soya bean meal in broiler diets.
material and methods
All procedures used in the experiment were accepted by the Local Ethics Commission with respect to animal experimentation. lupine seed and processing Raw or extruded yellow lupine (Lupinus luteus) cv. Mister seeds harvested in 2014 were used. Seeds were extruded with KNZ 2 extruder (Russia) (500 kg/h), at temperature 135±10°C, pressure 30 kg/m 2 , cylinder speed 1000 rotations per minute. Seeds were analyzed for basal nutrients, amino acids and anti-nutritive substances (Table 1) . 
bird management and sample collection Experiment 1
The experiment was conducted on sixty 16-day-old Ross 308 male chickens, reared in the first days of life in pens and fed basal diets (BD) ( Table 2 ). At day 16 of age the birds were randomly allocated to individual pens and assigned to three dietary treatments, each with 20 replications. Chickens in control treatment were fed BD, in treatment 2 with 80% BD + 20% raw lupine, and in treatment 3 with 80% BD + 20% of extruded lupine. For the determination of total or ileal digestibility as well as AME N , 3 g/kg of titanium dioxide was included into diets as a non-absorbable marker. The difference method for the digestibility calculation was used (Hejdysz et al., 2015) . All diets were offered ad libitum in mash form. For purposes of acclimatization, during five days, birds were fed experimental diets. On days 19 and 20 of age, excreta were individually collected, daily, and immediately frozen for analyses (n=20/treatment). On day 21 of age, all chickens from each group were sacrificed by cervical dislocation and their ileum removed. Digesta were flushed from the terminal ileum (15 cm, adjacent to the ileocecal junction) and pooled (4 birds/sample) to provide sufficient material for chemical analyses (n=5). 
Experiment 2
Eight hundred one-day-old male Ross 308 chickens of average initial weight 44.3 g were randomly assigned to ten treatments. Each treatment comprised ten replications of 8 birds each. Chickens were kept in pens (0.5 m 2 , each with 8 birds) on straw litter. The environmental conditions were typical for broiler rearing; the lighting program in the first 7 days was 24 h/day, and after that 18h light: 6h darkness. Birds were reared in two identical rooms with controlled environmental conditions.
Composition of diets was shown in Table 3 . Control diet was based on maize and wheat, and contained soybean meal (SBM), rapeseed meal, distilled dried grain with solubles (DDGS) and pea as protein sources. In experimental diets SBM was replaced (w/w) by growing amounts of ground yellow lupine seeds, raw or extruded (Table 3 ). Control diets (5 and 10) did not contain lupine seeds. Diets were isoenergetic and isonitrogenous. The chickens were fed starter (1-14 days) and grower diets (15-35 days) in mash form. Diets and water were accessible ad libitum. The composition of diets was calculated based on chemical analyses of feed compounds applied using simple linear optimization.
The body weight gains (BWG) of chickens and feed intake (FI) were measured for each cage after day 14 and day 35 of experiment and mortality was registered as it occurred.
In Experiment 2, to allow the digestibility to be determined, 3 g/kg titanium dioxide was included as a non-absorbable marker in diets fed during days 33 and 34 of growth experiment. The floor of each cage was covered with thick plastic foil and excreta were collected twice a day. The samples were immediately homogenized and frozen for chemical analyses (n=10) similar as in Experiment 1.
chemical analyses
For chemical analyses, representative samples of seeds and diets were ground to pass through a 0.5 mm sieve. Raw and extruded seeds, diets, ileum digesta and excreta were analyzed in duplicate for dry matter (DM), nitrogen retention, ether extract (EE), using methods AOAC (2007) no: 934.01, 976.05, 920.39, respectively. Acid detergent fiber (ADF), and neutral detergent fiber (NDF) were analyzed only in seeds by methods 942. 05, 973.18 (AOAC, 2007) , respectively.
The amino acid (AA) content was determined in raw and extruded seeds, diets and ileal digesta with the assistance of an AAA-400 Automatic Amino Acid Analyzer (INGOS s.r.o., Praha, Czech Republic) using ninhydrin for post-column derivatization. Before analyses, the samples were hydrolyzed with 6NHCl for 24 h at 110°C (procedure 994.12; AOAC, 2007). Gross energy (GE) was determined in raw and extruded seeds, diets and excreta using an adiabatic bomb calorimeter (KL 12Mn, Precyzja-Bit PPHU, Poland) standardized with benzoic acid. Titanium dioxide was estimated according to Short et al. (1996) and samples were prepared in accordance with the procedure proposed by Myers et al. (2004) .
In the yellow lupine samples, the raffinose family oligosaccharides (RFO) were extracted and analyzed using high-resolution gas chromatography as described previously by Zalewski et al. (2001) . Phytic phosphorus was determined by extracting the sample in hydrochloric acid (0.2 M). Next, iron-ammonium sulfate was added to the centrifuged extract which was heated and then centrifuged. Bipyridine solution was added to the supernatant and absorbance was determined using spectrophotometer Media (Marcel Lamidey S.A., Châtillon, France) at 519 nm wavelength (Haug and Lantzsch, 1983) . The water extract viscosity (WEV) of lupin seeds was measured in vitro. Prior to the determination of WEV, lupin samples were ground in a mill using a sieve with 0.5 mm mesh and then 1 g of each of the examined cultivars was mixed with 5 ml distilled water for 1 h at 40°C. The samples were centrifuged at 10 000 g for 10 min at 4°C, the supernatant was withdrawn and viscosity was determined in a Brookfield Digital DV-II+ cone/plate viscometer (Brookfield Engineering Laboratories Inc., Stoughton, MA, USA) maintained at 40°C at a shear rate of 12 · s-1. WEV units are mPas·s = cP = 1 × 100 dyne s cm 
calculations of results and statistical analysis Experiment 1
Using crude fat (CF) calculation as an example, the following equation was used to calculate the digestibility (AID -apparent ileal digestibility and ATTD -apparent total tract digestibility) of various dietary components of the basal and experimental diets:
The following equation was used to calculate the digestibility coefficients of various dietary components and the AME N level of lupine seeds:
where:
AME N of all basal and experimental diets was calculated using the above equations and was corrected to zero nitrogen balance using 34.4 kJ/g N retained (Hill and Anderson, 1958) .
All data had been previously explored to discard any possible outliers. Analyses were performed using the appropriate procedures of SAS Software (2009) (distribution analyses; outliers were defined as observations whose distance to the location estimate exceeded 3 times the standard deviation). The obtained results were subjected to the T test, at the level of P<0.05.
Experiment 2
The apparent digestibility of nutrients and apparent metabolizable energy value of diets were determined by the classical method. AME N was corrected to zero nitrogen balance using 34.4 kJ/g N retained (Hill and Anderson, 1958) Statistical calculations were conducted with the assistance of the SAS® v.9.1 package (2009). Differences between treatments and experimental factors were determined by employing the two-way linear model of ANOVA:
Y ijk is the value of the analyzed trait, α j is the constant effect of the i th lupine seed, β k is the constant effect of the extrusion, (αβ) jk is the interaction between α and β, e ijk is the effect of experimental error.
Means from experiments were compared using the Duncan's test and the significance of differences was assumed to be at the level of P ≤0.05.
results

Experiment 1
The chemical composition of raw or extruded seeds of yellow lupine (Mister cv.) was shown in Table 1 . Raw seeds have 39% protein and 0.027 g/kg of alkaloids. Extrusion slightly changed the content of basic nutrients, amino acids and anti-nutritive substances (not confirmed statistically) and reduced the content of phytic phosphorus in seeds from 0.7 to 0.59 % (Table 1) . It should be stressed that measurements were performed in two replications per sample and were not elaborated statistically. Table 4 . Coefficients of apparent total tract digestibility (ATTD) of dry matter, crude fat, nitrogen retention and, AME N value and AME N /GE of raw and extruded yellow lupine seeds (Experiment 1) Extrusion improved total tract and ileal fat digestibility (P<0.001) and the apparent metabolizable energy value of lupine seeds (Table 4) . Also, apparent nitrogen retention in birds fed diets with extruded lupine was higher (P<0.05), compared to diets containing raw seeds. Birds fed yellow lupine seeds in extruded form had better ileal digestibility of crude protein and all analyzed AAs, except Lys, Thr and Val and also crude fat (Table 5) . 
Experiment 2
Extrusion of yellow lupine seeds showed a positive effect on apparent nitrogen retention. Moreover, there was clear negative effect of dietary level of yellow lupine seeds on value of this parameter (Table 6 ). Applying 20, 25 and 30% of seeds in diets decreased the apparent nitrogen retention (P<0.01) ( Table 6 ). The highest crude fat digestibility was noted for treatments fed diet with 10% of yellow lupine seeds inclusion (P<0.05). In general, the extrusion significantly (P<0.01) improved the total fat digestibility. The AME N value of the diets was significantly affected by lupine level. A high ratio of raw lupine (20-30%) clearly decreased the AME N value of the diets used, the extrusion of lupine seed improved AME N by 0.28 MJ/kg (P≤0.0001).
The health status of chickens was very good, culls and mortality were very low (2%). Significant (P<0.01) differences in performance indices among treatments and also for experimental factors were noted (Table 7) . The highest level of yellow lupine affected negatively (P<0.01) the BWG. Inclusion of 30% of raw or extruded lupine caused a depression in feed consumption and also, in growth which was especially pronounced in chickens fed diets with raw lupine seeds. The feed conversion ratio in chickens was relatively similar (1.67-1.70 kg/kg) at all dietary lupine levels. An exception was noted for chickens fed diets with 25% of raw seeds (1.76-1.86) and when 30% of extruded lupine was incorporated into the diet (2.01 kg/kg BWG). Baro-thermal processing of lupine seed significantly decreased the feed intake and in consequence -also influenced the FCR for day 15-35 and 0-35 periods. Interactions between lupine levels and extrusion effects were significant for feed intake and FCR. 
discussion
Some harmful factors of legume seeds such as the proteases -trypsin and chymotrypsin inhibitors, lectins, oligosaccharides -are sensitive to thermal or baro-thermal processing such as toasting, granulation, extrusion, boiling and also micronization. Through such preparation a decrease in their activity or anti-nutritive properties may be obtained (Leontowicz et al., 2001; Kiczorowska and Lipiec, 2002 a; Kiczorowska et al., 2002 b) . In the present investigations, extrusion of yellow lupine seeds to a limited degree changed the chemical composition of seeds. Very small differences in amino acid content between extruded and raw lupine seed were found. A decrease in phytic phosphorus levels was obtained. It confirms the finding by Alonso et al. (2000) , who explained that during extrusion some molecules of inositol hexaphosphate were hydrolyzed to penta-, tetra-and triphosphates; therefore, the level of phytic P in seeds after extrusion was lower. A similar result was confirmed in our earlier study for faba bean and pea (Hejdysz et al., 2016 a, b) .
Nevertheless, the apparent nitrogen retention, total digestibility of fat and the AME N value of lupine seeds determined in young chicken show a significant beneficial effect of extrusion of yellow lupine. Also significantly better ileal digestibility of protein and some amino acids from extruded seeds was found in comparison to raw lupine seeds. A similar beneficial effect of extrusion in terms of protein digestibility in rats was reported by Leontowicz et al. (2001) .
Increased levels of lupine seeds in broiler diets, both raw or extruded seeds, led to numerous significant differences among treatments. Using 10 to 30% of lupine, the apparent nitrogen retention, fat digestibility and AME N value of diets was significantly better in birds fed diets with extruded lupine, while apparent nitrogen retention (63-66% of N intake), fat digestibility (about 92%) and AME N value (14.19-14.44 MJ/kg) were relatively similar in these treatments.
By the addition of 10 and 20% of lupine in diets, positive effects of extrusion were noted for BWG, FI and feed conversion ratio. Use of 25%, especially 30% of lupine, decreased the performance indices. Extrusion to a limited degree decreased the negative action of large amounts of lupine seeds on broiler growth.
The obtained performance results are in agreement with the experiments of other authors (Leontowicz et al., 2001; Orda et al., 2006) . The use of raw as well as extruded yellow lupine seeds at 10 to 20% of the diet, can be expected to lead to a beneficial effect. However, with higher levels (25%) of these seeds in broiler diets the baro-thermal processing of lupine may be beneficial.
The poorer performance results registered for feeding 30% and also 25% of raw as well as extruded yellow lupine seeds indicate that such levels of these legume seeds are too high for young broiler chickens. However, the introduction of 25% of extruded yellow lupine made it possible to obtain better results than with raw seeds. The use of 10 or 20% of raw or extruded lupine in the broiler diets resulted in similar effects in terms of growth and feed conversion, compared to the diet that included soybean meal as a main protein source.
conclusions
The extrusion process increased the price of lupine seeds, as a result of the energy costs involved in baro-thermal processing, but it could be beneficial when high yellow lupine meal inclusion is applied. The diet containing 10 or 20% of raw and extruded yellow lupine allows obtaining similar results as in control.
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